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AMENDED APPEAL BRIEF 

This Amended Appeal Brief is provided in response to the " Notification of Non- 
Compliant Appeal Brief 7 mailed October 19, 2006 as well as a Telephone Interview with 
Examiner Watko on January 24, 2007. In that Notification it was stated that Appellant 
had failed to provide an Evidence Appendix. On November 20, 2006, Appellant 
provided an Evidence Appendix with the indication "none" as no evidence has been 
relied upon by Appellant other than references of record. However, Examiner Watko 
indicated in the Interview that the Evidence Appendix is required to list and provide 
copies of all references relied upon by Appellant in the Appeal Brief. While Appellant 
is of the opinion that this represents a somewhat strained reading of 37 CFR § 
41.37(c) (l)(ix), the Appeal Brief is hereby amended in a bona fide effort to comply with 
the Examiner's wishes. Entry and consideration of this Amended Appeal Brief is 
therefore respectfully requested. 

This appeal is filed in response to the final Office action mailed June 7, 2006 
(hereinafter "the Final Action"). 
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(1) Real party in interest 

The real party in interest is Seagate Technology LLC. 
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(2) Related appeals and interferences 

There are no related appeals or interferences. 
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(3) Status of Claims 

Pending claims 1-6, 8-13, 16 and 20 stand rejected and are hereby appealed. 

Claims 7, 14, 15 and 17-19 stand objected to as including allowable subject matter 
but. depending from rejected base claims. 
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(4) Status of Amendments after Final 

No amendments were filed after final rejection. 
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(5) Summary of Claimed Subject Matter 

Regarding claim 1, as described in the specification from page 4, line 6 through 
page 6, line 26 and depicted in FIGs. 1 and 2, one embodiment of the present invention 
may be summarized as a data storage device (such as 102) comprising base plate (such 
as 104) having a top surface, a spindle motor (such as 106) positioned on the top surface 
of the base (such as 104) supporting one or more data storage discs (such as 108) for 
rotation on the spindle motor (such as 106), an actuator assembly (such as 110) 
positioned on the top surface of the base plate (such as 102) adjacent the data storage 
disc (such as 108) and a flex printed circuit board assembly (such as 130) on the top 
surface of the base plate (such as 102) having actuator and motor electronic control 
components (such as 132, 133, 134) thereon on the top surface of the base (such as 102). 

Regarding claim 12, as described in the specification from page 4, line 6 through 
page 6, line 26 and depicted in FIGs. 1 and 2, another embodiment of the present 
invention may be summarized as a flexible printed circuit assembly (such as 130) for 
use in a data storage device (such as 100) having an actuator assembly (such as 110) 
adjacent a spindle motor (such as 106) rotating one or more data storage discs (such as 
108), the assembly comprising a flexible printed circuit (such as 131) having a pigtail 
lead (such as 164) for connection to the actuator assembly (such as 110) of the data 
storage device (such as 110) and a pigtail lead (such as 162) for connection to the spindle 
motor (such as 106) of the data storage device actuator control and signal processing 
electronics components (such as 132, 133, 134) mounted on, and electrically connected 
to, the flexible printed circuit (such as 131), and a stiffener plate (such as 140) 
coextensive with a portion of the flexible printed circuit (such as 131) forming a ground 
plane for the components (such as (132, 133, 134) on the flexible printed circuit (such as 
131). 

Regarding claim 16, as described in the specification from page 4, line 6 through 
page 6, line 26 and depicted in FIGs. 1 and 2, another embodiment of the present 
invention may be summarized as a printed circuit assembly comprising a flexible 
printed circuit (such as 131) having one or more electronic circuit components (such as 
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132, 133, 134) requiring a ground and a power connection mounted thereon and a 
stiffener plate (such as 140) coextensive with a portion of the flexible printed circuit 
(such as 131) forming a ground plane connected to the one or more components (such 
as 132, 133, 134). 
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(6) Grounds of Rejection to be Reviewed on Appeal 

(1) Claims 1, 2, 4, 5 and 8 stand rejected under 35 U.S.C. § 103(a) as being 
obvious over European Patent Application EP 0 760 510 (hereinafter "the EP 
document") in view of U.S. Patent 6,797,882 to Crane, Jr. et al. (hereinafter "Crane"). 

(2) Claims 3 and 9-11 stand rejected under 35 U.S.C. § 103(a) as' being obvious 
over the EP document in view of Crane and U.S. Patent 6,243,262 to Koo (hereinafter 
"Koo"). 

(3) Claims 6, 12 and 13 stand rejected under 35 U.S.C. § 103(a) as being obvious 
over the EP document in view of Crane and U.S. Patent 6,388,834 to Bernett (hereinafter 
" Berne tt"). 

(4) Claims 16 and 20 stand rejected under 35 U.S.C. § 103(a) as being obvious 
over Bernett in view of Crane. 
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(7) Argument 
Rejection (IV 

Claims 1, 2, 4, 5 and 8 stand rejected under 35 U.S.C. § 103(a) as being obvious 
over the EP Document in view of Crane. 

Claim 1 recites, among other limitations, a "data storage device" comprising "a 
flex printed circuit board assembly" with "actuator and motor electronic control 
components thereon." The Final Action does not include a description of the rejection 
but refers to the Office action of February 1, 2006. The Office acknowledges on page 2 
of that response that while the EP document discloses a disc drive having a printed 
circuit board 21 with control components mounted thereon, the circuit board is not 
disclosed to be a flex printed circuit board. In fact, given that the inventors of the 
device of the EP Document were perfectly capable of specifying a flex printed circuit 
board assembly when necessary (see, e.g., "flexible printed circuit board" 14), it is clear 
that circuit board 21 is a conventional rigid printed circuit board. To remedy this 
critical deficiency of the EP Document, the Office points to Crane as purportedly 
teaching substituting a flexible printed circuit board for the rigid board disclosed by the 
EP document. 

Crane discloses that a flexible printed circuit extending from a die package may 
be attached to a printed circuit board or, in the alternative, provided with a stiffener 
instead. However, the Office has failed to disclose elimination of a printed circuit board 
within a disc drive. In particular, neither the Office nor Crane offer any clue as to how 
such a feat would be accomplished in a hard disc drive such as the one disclosed by the 
EP Document. For example, the EP document specifies in col. 8, lines 40-42 that 
"integrated circuit elements . . . are mounted on both surfaces of the circuit board 21." 
Use of a stiffener with a flex circuit having components on each side would be a 
practical impossibility, as the Office is surely aware. Conversely, the present 
application specifies that IC components must be mounted only on the top of the flex 
circuit to accommodated use of the stiffener (see, e.g., page 8, line 28 through page 9, 
line 4). 
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It is further noted that the EP document goes into tremendous details describing 
numerous ways in which to overcome the difficulties involved in connecting the motor 
and actuator flex circuits with the rigid board 21 as well as drive housing features 
designed specifically to accommodate rigid printed circuit boards (see, e.g., col. 8, lines 
38-45; col. 11, line 19 through col. 12, line 25col. 13, line 46 through col. 14, line 9). It is 
ironic that the Office has chosen the EP document, which so completely relies on the use 
of a rigid board, as a basis for eliminating the rigid board altogether. It is clear that in 
fact the EP document itself teaches away from any such modification. 

It is further noted that the flex circuit/ stiffener arrangement so vaguely disclosed 
by Crane has no particular structure. While it seems clear that Crane may teach that 
such a substitution may be made for the purpose of connecting a die package to a 
substrate, it is equally clear that Crane in no way envisioned replacement of the EP 
document's rigid printed circuit board, having actuator and motor electronic control 
components thereon, with a flexible printed circuit board. Nor would one of ordinary 
skill in the art have found such a modification obvious in light of Crane, particularly in 
light of the EP document's evident requirement of a rigid printed circuit board for 
mounting of actuator and motor control components. 

Moreover, even if one were to accept the Office's suggestion that it was known 
that one could so modify the drive of the EP Document, the Office has utterly failed to 
provide a motivation for doing so. While it is baldly asserted that doing so "in order to 
simplify assembly by eliminating a connection step" is "notoriously well-known in the 
art," the Office has not produced a shred of evidence to support this claim. Crane, in 
fact makes no mention that doing so is well-known or that any particular benefit is 
thereby achieved. 

The Office responded to this point on pages 4-5 of the Final action, pointing out 
that sources outside of the references being relied upon may be a source for motivation, 
and that in this case it was "reasoning from knowledge generally available to one of 
ordinary skill in the art." Appellant does not disagree that other sources may be relied 
upon; however, in this case the Office has failed to point out any source remotely 
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supporting the reasoning. While it is baldly asserted that this is "knowledge generally 
available" no evidence has been presented suggesting this is so. Moreover, while 
modifying the device of the EP document as proposed by the Office might eliminate a 
connection step, additional parts (e.g., stiffeners, ground and power planes, etc.) would 
likely need to be provided as well, as described in the present specification but of course 
entirely omitted from either of the references or the standing grounds of rejection. 
When these factors are taken into account, it becomes clear that the Office's "reasoning 
from knowledge generally available" is in actuality nothing more that speculation, 
engaged in purely from a perspective of hindsight. Such hindsight reasoning is 
impermissible. 

It remains clear that the Office has merely used the present application as a road 
map for combining these disparate references solely for the purposes of rejecting the 
present claims. Reversal of the rejection of claim 1 and allowance thereof are 
respectfully requested. 

Claims 2, 4, 5 and 8 depend from allowable claim 1 and are allowable for at least 
this reason; reversal of the rejection of these claims is also respectfully requested. 

Rejection (2): 

Claims 3 and 9-11 were rejected under 35 U.S.C. § 103(a) as being obvious over 
the EP document in view of Crane and Koo. 

As set forth above with respect to claim 1, the EP document does not disclose a 
flex printed circuit board, nor does Crane render such an arrangement. Koo does not 
remedy this deficiency, nor does the Office attempt to assert that it does so. As such, 
claim 3 and 9-11 are allowable at least by virtue of their dependence from allowable 
claim 1. 

Moreover, claim 3 further modifies claim 1 by requiring that "the actuator and 
motor electronic control components on the flex printed circuit board assembly are 
outside the enclosed space" formed by the disc drive base and cover. In the Office 
action of February 1, the Office seems to be suggesting that Koo discloses such an 
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arrangement. However, Koo does not explicitly show such an arrangement, as 
acknowledged by the Office on page 4 of that response, nor does Koo disclose any 
reason for doing so, understandable given that the arrangement does not appear to 
have been contemplated by Koo. Koo specifically provides a cutout 120a for heat 
dissipation; it's difficult to imagine why Koo would then proceed to place heat- 
generating components outside the cutout. Moreover, the EP Document goes to great 
lengths to provide circuit board 21 with means for sealing the disc drive enclosure from 
the inside (see col. 6, lines 46-54), yet the Office blithely suggests that the component 
somehow be placed outside of this housing. 

In short, the Office here has proposed (a) impermissibly using Crane to 
substitute a flex circuit for a rigid circuit board; (b) then further modifying this circuit 
by placing portions outside the enclosure, as taught by (c) a reference which does not 
even disclose such an arrangement. Surely such a tenuous ground of rejection cannot 
reasonably be sustained. 

Reversal of the rejection of claims 3, 9 and 11 is respectfully requested. 

Rejection (3): 

Claims 6, 12 and 13 were rejected under 35 U.S.C. § 103(a) as being obvious over 
the EP document in view of Crane and Bernett. 

Like claim 1, independent claim 12 requires "a flexible printed circuit." As set 
forth above with respect to claim 1, the EP document does not disclose a flex printed 
circuit board, nor does Crane render such an arrangement. Bernett does not remedy 
this deficiency, nor does the Office attempt to assert that it does so. As such, the 
rejection of claim 12 cannot reasonably be sustained. 

. Moreover, Claim 12 requires "a stiffener plate coextensive with a portion of the 
flexible printed circuit forming a ground plane for the components on the flexible 
printed circuit," something clearly not contemplated by either the EP Document or 
Crane. The Office relies upon Bernett to remedy this critical deficiency, suggesting that 
it would have been obvious to further modify the modified EP document device by 
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providing a ground plane on the stiffener "to reduce read errors by producing an 
inexpensive an easily installed alternative pathway for EMI noise/' However, Bernett 
does not disclose a stiffener that grounds any portion of the flex circuit or circuit board; 
the stiffener is designed only to provide a pathway for EMI noise by providing 
grounding contact between a disc drive base and cover. Nowhere does Bernett suggest 
that the flex circuit is grounded by this stiffener. While the flex circuit is physically 
supported by the stiffener, and is further indirectly protect from EMI noise by the 
stiffener, the stiffener clearly does not provide a grounding plane for the flex circuit as 
required by claim 16. It may be that the Office has been confused by the terminology at 
col. 5, line22, "grounding flex circuit support bracket." While the confusion is 
understandable, a careful reading of the patent makes it clear that while the bracket is 
both a "grounding bracket" and a "flex circuit support bracket" it in no way grounds 
the flex circuit. As such, the rejection simply cannot be sustained. 

Reversal of the rejection of claim 12 is respectfully requested for the reasons set 
forth above. 

Claim 6 depends from claim 1 and is allowable for at least this reason, as well as 
the reasons set forth above with respect to the rejection of claim 12. 

Claim 13 depends from claim 12 and is allowable for at least this reason. 

Rejection (4): 

Claims 16 and 20 were rejected under 35 U.S.C. § 103(a) as being obvious over 
Bernett in view of Crane. 

Claims 16 requires a flexible printed circuit with electronic circuit components 
mounted thereon, as well as a stiffener forming a ground plane connected to the 
electronic circuit components. However, Bernett does not disclose a stiffener that 
grounds any portion of the flex circuit or circuit board; the stiffener is designed only to 
provide a pathway for EMI noise by providing grounding contact between a disc drive 
base and cover. Nowhere does Bernett suggest that the flex circuit is grounded by this 
stiffener. While the flex circuit is physically supported by the stiffener, and is further 
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indirectly protect from EMI noise by the stiffener, the stiffener clearly does not provide 
a grounding plane for the flex circuit as required by claim 16. It may be that the Office 
has been confused by the terminology at col. 5, line22, "grounding flex circuit support 
bracket/' While the confusion is understandable, a careful reading of the patent makes 
it clear that while the bracket is both a "grounding bracket" and a "flex circuit support 
bracket" it in no way grounds the flex circuit. As such, the rejection of claim 16 cannot 
reasonable be sustained since all claim limitations are not met. While it is noted that the 
Office proposes to modify Bernett's device through the teachings of Crane, Crane is not 
applied to remedy the deficiency identified here and therefore the combination cannot 
be said to render claim 16 obvious any more that Bernett alone. 

Reversal of the rejection of claim 16 is respectfully requested for the reasons set 
forth above. 

Claim 20 depends from claim 16 and is allowable for at least this reason; reversal 
of the rejection of this claim is also respectfully requested. 
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Conclusion: 



Appellant maintains that present claims identify the features and benefits of the 
present invention clearly and concisely. The present invention as claimed is not taught 
or suggested by the prior art of record or any combination thereof. Therefore, it is 
respectfully submitted that the appealed claims are in condition for allowance, and 
favorable action is respectfully requested. 



Respectfully submitted, 

Seagate Technology LLC 
(Assignee of the Entire Interest) 



Seagate Technology LLC 
Intellectual Property Dept. - COL2LGL 
389 Disc Drive 
Longmont, CO 80503 
(720) 684-2265 (telephone) 
(720) 684-2588 (facsimile) 
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Claims Appendix 

1. A data storage device comprising: 

a base plate having a top surface; 

a spindle motor positioned on the top surface of the base supporting one or more 

data storage discs for rotation on the spindle motor; 
an actuator assembly positioned on the top surface of the base plate adjacent the 

data storage disc; and 
a flex printed circuit board assembly on the top surface of the base plate having 

actuator and motor electronic control components thereon on the top 

surface of the base. 

2. The data storage device of claim 1 further comprising a power combo chip 
positioned on the flex printed circuit board assembly positioned on the top surface of 
the base. 

3. The data storage device of claim 1 further comprising a top cover attached to the 
base to form an enclosed space enclosing the actuator assembly, the one or more data 

« 

storage discs and the spindle motor and wherein the actuator and motor electronic 
control components on the flex printed circuit board assembly are outside the enclosed 
space. 

4. The data storage device of claim 1 further comprising: 

an interface connector attached to the flex printed circuit board and to the base 
plate. 



16 



• 1 



5. The data storage device of claim 1 wherein the flex printed circuit board assembly 
comprises a flexible printed circuit and 

a stiffener attached to a bottom surface of the flexible printed circuit. 

6. The data storage device of claim 5 wherein the stiffener is metal and forms a ground 
plane for the circuitry on the flexible printed circuit. 

8. The data storage device of claim 5 wherein the flexible printed circuit and the 
stiffener each have a coextensive portion inserted into the an interface connector. 

9. The data storage device of claim 3 wherein the flexible printed circuit comprises a 
pigtail lead extending beneath the cover to the actuator assembly to connect the 
electronics components to the actuator assembly. 

10. The data storage device of claim 3 wherein the flexible printed circuit comprises a 
pigtail lead extending beneath the cover to the spindle motor. 

11. The data storage device of claim 10 further comprising another pigtail lead 
extending beneath the cover to the actuator assembly to connect the electronics 
components to the actuator assembly. 
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12. A flexible printed circuit assembly for use in a data storage device having an 
actuator assembly adjacent a spindle motor rotating one or more data storage discs, the 
assembly comprising: 

a flexible printed circuit having a pigtail lead for connection to the actuator 

assembly of the data storage device and a pigtail lead for connection to the 

spindle motor of the data storage device; 
actuator control and signal processing electronics components mounted on, and 

electrically connected to, the flexible printed circuit; and 
a stiffener plate coextensive with a portion of the flexible printed circuit forming 

a ground plane for the components on the flexible printed circuit. 

13. The flexible printed circuit assembly of claim 12 further comprising: 

an interface connector attached to the flexible printed circuit and to the stiffener. 

16. A printed circuit assembly comprising: 

a flexible printed circuit having one or more electronic circuit components 

requiring a ground and a power connection mounted thereon; 
a stiffener plate coextensive with a portion of the flexible printed circuit forming 

a ground plane connected to the one or more components. 

20. The assembly according to claim 16 further comprising one or more discrete circuit 
components fastened to the flexible printed circuit and to one of the ground and power 
planes. 
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Evidence Appendix 

The following evidence has been entered by the Examiner and relied upon by 
Appellant in this Appeal: 

European Patent Application EP 0 760 510 was entered into the record in an 
Information Disclosure Statement submitted by Appellant on November 13, 2003 and 
considered by the Examiner in the Office action mailed June 30, 2005. 

U.S. Patent 6,797,882 to Crane, Jr. et al. was entered into the record in a Notice of 
References Cited (PTO-892) by the Examiner in the Office action mailed February 1, 
2006. 

U.S. Patent 6,243,262 to Koo was entered into the record in a Notice of References 
Cited (PTO-892) by the Examiner in the Office action mailed June 30, 2005. 

U.S. Patent 6,388,834 to Bernett was entered into the record in a Notice of 
References Cited (PTO-892) by the Examiner in the Office action mailed February 1, 
2006. 
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Related Proceedings Appendix 



None. 
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(54) Magnetic disk device 

(57) A magnetic disk device has a large capacity 
with a small and thin structure and includes a spindle 
system, an actuator system, a control package for con- 
trolling the systems, and a PCMCIA connector. The 
spindle system is of an in-hub structure wherein two 
magnetic disks are rotated in inside diameter portions 
of the magnetic disks. The actuator system has sliders 
mounting magnetic heads for writing and reading mag- 
netic information to and from the magnetic disks, guide 
arms and suspension structures on each of which the 
slider and the guide arm are fixed on the same sides 
The suspension structures also include a coil, a mag- 
neto circuit 1 for imparting a cfrive force in cooperation 
with the coil, a coil holder for supporting the coil, a pivot 
sleeve for rocking the guide arms, the coil holder and 
spacers which are integrally laminated tc each other, 
bearings and a pivot shaft. The PCMCIA connector con- 
nects to the control package and is fixed by the housing 
and a package cover 
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Prated by Jouve. 7S001 PARIS (FR) 



1 EP 0 760 

Description 

The present invention relates to a magnetic disk de- 
vice, and in particular to a magnetic disk device having 
a large capacity and high reliability with a small and thin 5 
structure. 

Magnetic disk devices tend to increase in memory 
density and capacity every year, and are expected to be 
used in many applications other than just as large ex- 
ternal memory devices added to a conventional general * 0 
computer system or personal computer For example, 
proposed uses for a magnetic disk? device . include* 
mounting it in a portable small-sized information 
processing apparatus, which allows a user to carry nec- 
essary data recorded in the magnetic disk device out- is 
doors. 

If a magnetic disk device is to be mounted in a port- 
able small-sized information processing apparatus, 
however, it is essential to make the magnetic disk device 
small and thin. In this regard, the goal of magnetic disk &> 
device design is aimed at reducing the size of the device 
so that it satisfies a size (thickness: 5 mm or less) re- 
quirement of a so-called PC card specification of PCM- 
CIA (Personal Computer Memory Card International I As- 
sociation)/JEIDA (Japan Electronic Industry Develop- .25 
ment Association) and the like. A variety of mechanisms 
have been disclosed for satisfying such a device thick- 
ness of 5 mm or less in a magnetic disk device using a 
small diameter disk having a diameter of 1 .8 inch. 

For example, International Publication No. 30 
W093/1 0535 discloses a thin magnetic disk device hav- 
ing a device thickness of 5 mm that is intended to be 
realized by holding a 1.8 inch disk between electronic 
parts mounted between printed circuit boards and the 
inner surfaces of a housing and a cover. In this tech- 35 
nique, the electronic parts are mounted on a thin printed 
circuit board rather than a conventional thick one, and 
they are arranged on both sides of a thin disk having a 
relatively large space in the thickness direction, to thus 
make thin the total thickness of the device. This tech- 40 
nique also adopts a spindle motor structure wherein two 
ball bearings can be mounted in a small inside diameter 
(12 mm) portion of the 1 .8 inch disk along the spindle 
axis and also a magnet rotor that can be contained in a 
hub of the disk by the effect of using a face-to-face spin- 
die motor, to thus achieve a magnetic disk device. 

In Japanese Pa.tent Laid-open No. HeL6-84302, a 
Ihin actuator is disclosed that is intended to be realized 
by axially stacking and clamping a so-called guide arm 
integrated type suspension in which a suspension so 
mounting a magnetic disk/slider is welded to a guide 
arm, a coil holder for supporting a coil and a spacer, 
around a sleeve of a pivot bearing of an actuator. The 
guide arm integrated type suspension is made thin by 
welding a suspension mounting a magnetic head to a 55 
thin guide arm. 

At present, the supporting of a suspension on a 
guide arm is generally performed by welding a cylindri- 
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cal member to an end portion of the suspension, insert- 
ing the cylindrical member of the suspension in a hole 
provided at the leading end of the guide arm, arid fas- 
tening the hole by caulking. In this case, a so-called in- 
tegrated carriage integrating a plurality of the guide 
arms is generally used. In the method of fastening the 
suspension to the guide arm, the suspension is inevita- 
bly required to be relatively thick for obtaining a practical 
holding force. Consequently, the technique disclosed in 
Japanese Patent Laid-open No. Hei 6-84302 in which a 
suspension only has a thickness sufficient to be welded 
to.a. guide arm is advantageous for making a thin.sus-. . 
pension. 

Incidentally, a housing and cover containing a mag- 
netic disk is required to be sealed for realizing a highly 
reliable magnetic disk device. In a technique disclosed 
in US Patent No. 5,276,577/Japanese Patent Laid-open 
No. Hei 6-215554, the sealing performance at a mating 
portion between the housing and the cover and at an 
extension portion of the FPCs (flexible printed circuit 
board), a gap is formed that is simply covered using a 
tape seal having a constant width. On the other hand, 
as disclosed in Japanese Patent Laid-open No. Sho 
62-279587, a packing is held between a flat housing and 
a cover, to maintain the sealed housing area. 

In each of the above-described prior art references, 
only one magnetic disk is mounted in a magnetic disk 
device having a device thickness of 5 mm or less. 

Specifically, in the above disclosed International 
Publication No. WO93/10535, since a 1 .8 inch disk has 
a small inside diameter (12 mm), two ball bearings are 
mounted in the inside diameter portion of the magnetic 
disk along the spindle axis and a magnet rotor is con- 
tained in a hub of the disk using a face-to-face type spin- 
dle motor. However, as is apparent from the drawing dis- 
closed in the embodiment, a coil stator protrudes from 
the inside diameter portion of the magnetic disk because 
the inside diameter portion thereof has a small mounting 
space. As a result, the mounting of two or three mag- 
netic disks would be obstructed by the presence of the 
coil stator. 

In the above disclosed Japanese Patent Laid-open 
No. Hei 6-84302, the configuration of a guide arm inte- 
grated type suspension in its thickness direction is such 
that a magnetic head and a guide arm are arranged on 
both sides of a platelike suspension. The thickness of 
the guide arm .integrated suspension is thus expressed 
by a total of thicknesses of [magnetic head + suspension 
+ guide arm] . With ,this technique having the above di- 
mensional relation, it is difficult to mount four or five 
heads corresponding to two to three magnetic disks in 
a magnetic disk device having a thickness of 5 mm or 
less. 

It is desirable, in order to mount two or three mag- 
netic disks in a magnetic disk device having a thickness 
of 5 mm or less, and to prevent permeation of gas from 
a package for ensuring a high reliability of an HDD, that 
an area containing disks and an actuator (hereinafter, 
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referred to as a 'disk/actuator chamber") be separated 
from an area containing the package (hereinafter, re- 
ferrecfto as a 'package chamber") insofar as it is pos- 
sible'and to ensure a good seal of the disk/actuator 
chamber. However, since a. shape of the wail for sepa- 
rating the disk/actuator chamber from the package 
chamber is complicated, the above desirable purpose 
cannot be achieved using a tape seal structure as dis- 
closed in. US Patent No. 5,276,577/Japanese patent 
Laid-open No. Hei 6-215554 wherein the entirety of the 10 
HDA is wrapped with a simple tape seal having a con- 
stant.width.... . 

Even in the case where a disk/actuator chamber 
and a package chamber are sealed together for prevent- 
ing the generation of gas, for example, by increasing a is 
mounted amount of active carbon, the sealing perform- 
ance of the package must be examined. Such a seal 
cannot be achieved using a simple flat packing structure 
of the type disclosed in Japanese Patent Laid-open No 
Sho 62-279587. That is, in order to separate a disk/ac- 20 
tuator chamber from a package chamber and to seal the 
disk/actuator chamber, a recessed portion for head 
loading must be provided in a wall for separating the 
disk/actuator chamber from the package chamber. Ac- 
cordingly, a good seal of the disk/actuator cannot be 2s 
achieved using a simple flat packing structure of the type 
disclosed in Japanese Patent Laid-open No. Sho 
62-279587. 

An object of the present invention is to provide a 
magnetic disk device capable of achieving a large mem- 30 
ory capacity with a small and thin structure. 

Another object of the present invention is to provide 
a magnetic disk device capable of having a good seal 
for the magnetic disk containing portion, thereby ensur- 
ing a high reliability of the device. 35 

A further object of the present invention is to provide 
a magnetic disk device capable of ensuring a large 
memory capacity with a small and thin structure, which 
is substantially adaptable to a specification of PCMCIA/ 
JEIDA or the like and is usable with a PC by being de- 40 
tachably mounted in a PC card slot. 

To achieve the above objects, according to the 
present invention, there is provided a magnetic disk de- 
vice having the following preferred structure. 

Specifically, to mount two or three magnetic disks 
in a magnetic disk device having a thickness of 5 mm 
or less, a spindle bearing and a spindle motor are re-, 
quired to be contained in inside diameter portions (di- 
ameter: 12 mm) of 1.8 inch disks. To satisfy such a re- 
quirement, a magnetic disk device of the present inven- so 
tion adopts an in-hub structure in which a motor space 
is ensured in inside diameter portions of magnetic disks 
using a dynamic bearing. 

The magnetic disk device of a preferred embodi- 
ment of the present invention also has an actuator struc- 55 
ture wherein the configuration of the guide arm integrat- 
ed type suspension, in the thickness direction thereof, 
is configured such that a magnetic head and a guide 
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arm are arranged on the same surface of a suspension. 
The thickness of the actuator is thus expressed by a total 
of thicknesses of [magnetic head + suspension]. As a 
result, the actuator can be made thin. In this actuator 
structure, however, a head having a size that is equal to 
or smaller than a "nano-slider" specified by the Interna- 
tional Disk Drive Association (IDEMA) is required to be 
used for mounting four heads corresponding to two 
magnetic disks in a magnetic disk device having a thick- 
ness of 5 mm or less: Further, a head having a size being 
equal to or smaller than a "pico-slider" specified by (DE- 
MA is required to be used for mounting six heads cor-,; 
responding to three magnetic disks in a magnetic disk 
device having a thickness of 5 mm or less. 

In the magnetic disk device of the present invention, 
a disk/actuator chamber is separated from a package 
chamber and is sealed using a tape seal having a width 
portion that is partially extended (described later). With 
respect to the separation of the disk/actuator chamber 
from the package chamber, it is performed using a hous- 
ing rib, a disk/actuator cover, and a package cover. 
While the housing rib and the disk/actuator cover must 
contribute to seal the disk/actuator chamber, the pack- 
age cover is aimed to protect the control package and 
is not required to seal it; The sealing of the disk/actuator 
chamber is basically performed by the disk/actuator 
cover and the housing., and a tape seal adhered on the 
housing rib. In addition, the following techniques are uti- 
lized for sealing. 

I. In the case where a cutout portion for head loading 
is formed in a housing rib, a projection for closing 
the cutout portion is formed on a disk/actuator cov- 
er, and a tape seal having a width portion selectively 
extended in accordance with a stepwise bent mat- 
ing portion between the cutout portion and the pro- 
jection is adhered on the mating portion, thus en- 
suring a good seal of the mating portion. 

II. In the case where a cutout portion for extending 
FPCs (for transmission/reception of an R/W signal, 
and for supplying current to a spindle motor and to 
an actuator motor) is formed in a housing rib, a pro- 
jection for closing the cutout portion is formed on a 
disk/actuator cover, and a tape seal having a width 
portion selectively extended in accordance with a 
stepwise bent mating portion between the cutout 
portion and the projection is adhered on the mating 
portion, thus ensuring a good seal of the mating por- 
tion. 

III. In the case where a through-hole for extending 
FPCs from a disk/actuator chamber to a package 
chamber is formed in a lower portion of a housing 
portion, the through-hole is closed with an adhe- 
sive, thus ensuring a good seal of the through-hole. 

Additionally, in the case where a disk/actuator 
chamber and a package chamber are sealed together 
using a packing, a groove having a depth corresponding 
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to a thickness of a circuit board of a control package is 
formed in a portion of a mating face of a housing to a 
cover, r and the control package is adhesively fitted in the 
groove such that a main surface of the circuit board is 
at the same level as that of the mating face of the nous- $ 
ing. A packing is held between the mating surface of the 
housing including the main surface of the circuit board 
and the cover, to thus ensure a good seal therebetween. 
The disk/actuator chamber separated from the package 
chamber is sealed by holding a packing between a 10 
housing rib that projects from the housing for surround- 
ing the disk/actuator chamber and the disk/acluator cov- 
er, to thus ensure a good seal therebetween. In the case 
of forming a head loading portion (recessed portion) in 
a portion of the housing rib, the mating face of the head is 
loading portion to the projection formed in the disk/ac- 
tuator cover is formed in a slant face such that both ends 
of the head loading portion are smoothly shifted to the 
height of the housing rib. A packing is. then smoothly 
mounted along the slant surface, to ensure a head load- 20 
ing space as well as a high reliability in sealing. FPCs 
are held together with the packing to ensure a high seal- 
ing performance of the extending portion, or they are 
extended and sealed using the technique III, described 
above. In the case where the disk/actuator chamber and 25 
the package chamber are sealed together, since the 
amount of gas generation is increased, a large amount 
of a gas absorbing material such as active carbon is re- 
quired to be used. 

The spindle portion of the present invention is of an 30 
in-hub structure in which a motor space can be ensured 
in inside diameter portions of magnetic disks using a dy- 
namic bearing, so that two or three magnetic disks can 
be mounted in a magnetic disk device having a thick- 
ness of 5 mm or less. The actuator portion of the present 35 
invention is of a stack structure using a guide arm inte- 
grated suspension and further it adopts a slider being 
equal to or smaller than a nano-slider, so that four mag- 
netic heads corresponding to four recording faces of two 
magnetic disks can be mounted in a magnetic disk de- *o 
vice having a thickness of 5 mm or less. Moreover, by 
the use of a slider equal to or smaller than a pico-slider, 
six magnetic heads corresponding to six recording faces 
of three magnetic disks can be mounted in a magnetic 
disk device having a thickness of 5 mm or less. Thus, it 4 $ 
is possible to realize a magnetic disk device having a 
large capacity with a small and thin structure. 

In the present invention, the reliability of the sealing 
structure can be ensured adhering a tape seal on a mat- 
ing portion between a cutout portion provided in a nous- 50 
ing rib for head loading or for FPC routing and a projec- 
tion formed on a disk/actuator cover, the tape seal hav- 
ing a shape selectively extended to cover the mating 
portion. In the case where a FPC through-hole bypass- 
ing a lower portion of a housing rib is provided, a high 55 
sealing performance can be ensured by closing the 
through-hole with an adhesive. In the case where a 
packing is held between a housing and a cover or be- 



tween a housing rib and a disk/actuator cover, a high 
sealing performance due to the packing held at the mat- 
ing face can be ensured by making smooth the. gradient 
of the mating face in the height directbn. FPCs can be 
held at the mating face together with the packing; and 
thus they can be extended through the mating face, to 
provide a good seal at the mating face ensured. 

Thus, it becomes possible to ensure that the mag- 
netic disk device is adequately sealed so that dust does . 
not permeate from the exterior to the inside of a head/ 
disk assembly, resulting in a high reliability. 

In the drawings 

Fig. 1 is a plan view of a first embodiment of a mag- 
netic disk device of the present invention, partially 
cut away to shown details of the interior parts; 
Figs. 2(a), 2(b) and 2(c) are sectional views taken 
along lines 101-101, 102-1 02 and 103-103, respec- 
tively, shown in Fig. 1; 

Fig. 3 is a detailed view of a portion of the magnetic 
disk device of Fig. 1 showing the mounting portion 
for mounting the magnetic disks and the sliders; 
Fig. 4 is a detailed view of a spindle portion of the 
magnetic disk device shown in Fig. 1 ; 
Fig. 5 is a detailed view of an actuator portion of the 
magnetic disk device shown in Fig. 1 ; 
Fig. 6 is a detailed perspective view of a tape seal 
portion adhered to cover a cut out portion provided 
for head loading in a housing rib of the magnetic 
disk device shown in Fig. 1 ; 
Fig. 7 is a detailed perspective view of a tape seal 
portion adhered to cover a cut out portion provided 
for extending FPCs in a housing rib of the magnetic 
disk device shown in Fig. 1 ; 
Fig. 8 is a detailed sectional view of a through hole 
structure formed in a base end of a housing rib of 
the magnetic disk device shown in Fig. 1 ; 
Fig. 9 is a sectional view of a connector for connect- 
ing a head head/coil FPC and a motor FPC to a cir- 
cuit board of a control package for the magnetic disk 
device shown in Fig. 1 ; 

Fig. 1 0 is a sectional view of another configuration 
of a connector for connecting a head/coil FPC and 
a motor FPC to a circuit board of a control package 
for the magnetic disk device shown in Fig. 1 ; 
Fig. 11 is a sectional view of a further configuration 
. of the connector for connecting a head/coilFPC and 
a motor FPC to a circuit board of a control package 
for the magnetic disk device of Fig. 1; 
Fig. 1 2 is a plan view of a second embodiment of a 
magnetic disk device of the present invention, par- 
tially cut away to shown details of the interior parts; 
Figs. 1 3(a), 1 3(b) and 1 3(c) are sectional views tak- 
en along lines 201-201, 202-202 and 203-203, re- 
spectively, shown in Fig. 1 ; 
Fig. 1 4 is a detailed view of a portion of the magnetic 
disk device of Fig. 12 showing the mounting portion 
for mounting the magnetic disks and the sliders; 
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Fig. 15 is a detailed view of a spindle portion ol the 
magnetic disk device shown in Fig. 12; 
Fig. 16 is a detailed view of an actuator portion of 
the magnetic disk device shown in Fig. 12;" 
Fig. 17 is a plan view of a third embodiment of a s 
magnetic disk device of the present invention, par- 
tially cut away to shown details of the interior parts; 
Figs. 18(a), 18(b) and 18(c) are sectional views tak- 
en along lines 301-301, 302-302 and 303-303, re- 
spectively, as shown in Fig. 1 ; io 
Fig. 19 is a plan view of a fourth embodiment of a 
magnetic disk device of the present invention, par- , r 
tially cut away to shown details of the interior parts; 
Figs. 20(a), 20(b) and 20(c) are sectional views tak- 
en along lines 401 -401 , 402-402 and 403-403, re- is 
spectively, as shown in Fig. 1. 

Hereinafter, embodiments of the present invention 
will be described in detail with reference to the drawings. 

20 

Embodiment 1 

Fig. 1 is a plan view of a configuration of one em- 
bodiment of the magnetic disk device of the present in- 
vention, partially cutaway to show interior parts thereof. 2S 
Figs. 2(a), 2(b) and 2(c) are sectional views taken on 
lines 101-101, 102-102, and 103-1 03 of Fig. 1, respec- 
tively. 

Referring to Fig. 1 and Figs. 2(a) to 2(c), a magnetic 
disk device 1 includes a head/disk assembly (HDA) hav- 30 
ing components A and B. The component A is a spindle 
system la including two magnetic disks 2; a spindle 3 
contained in inside diameter portions of the magnetic 
disks 2 and rotating the integrally laminated magnetic 
disks 2; a spindle motor 9; a dynamic bearing 1 0; and a 35 
spindle shaft 91 . The component B is an actuator sys- 
tem 1 b including sliders 4 mounting transducers for writ- 
ing and reading magnetic records to and from the mag- 
netic disks 2 and constituting magnetic heads; suspen- 
sions 5 for supporting the sliders 4; guide arms 6 each 40 
being fixed together with the slider 4 on the same side 
of the suspension 5; a coil 12; a magnetic circuit 11 for 
generating a drive force in cooperation with the coil'T27 
a coil holder 7 for supporting the coil 12; a pivot sleeve 
8 for rocking the guide arms 6, the coil holder 7 and *s 
spacers 1 3 which are integrally laminated with each oth- 
er; bearings 92; and a pivot shaft 93. The magnetic disk 
device 1 further includes components C, D, E, F and G. 
The component C includes a head/coil FPC 14 (flexible 
printed circuit board) collectively forming a plurality of so 
leads (not shown) for transmitting weak electric signals 
generated when the magnetic heads read and write in- 
formation recorded on the magnetic disks 2 and a lead 
for feeding a current to the coil 12; a motor FPC 15 for 
feeding a current to the spindle motor 9; and a connector ss 
16. The component D is a disk/actuator chamber 25 in- 
cluding a housing 17 for supporting the spindle system 
1a and the actuator system 1b; a housing rib 18; and a 



disk/actuator cover 1 9. The component E is a control 
package 22 assembled by integrated circuit elements 
20 such as an IC and LSI. electronic circuit parts (not 
shown) other than the integrated circuit elements 20, 
and a circuit board 21. The component F is a package 
chamber 26 including the housing 17 and a package 
cover 23. The component G is a PCMCIA connector 24 
fixed by the housing 17 and the package cover 23. 

The outer dimensions of the magnetic disk device 
1 in this embodiment are, for example, set as follows: a 
total length L = 85.6 mm, width W = 54.0 mm, device 
thickness H = 4.9 mm, thickness H1 of each of projec.-, 
tions provided on both the ends of a main body in the 
longitudinal direction = 3 mm, and width of the projection 
W1 = 3 mm. These dimensions of the magnetic disk de- 
vice 1 satisfy a specification of a PC card of the so-called 
Type (II). 

Fig. 2(c), taken on line 103-103 of Fig. 1, shows a 
boundary portion between the disk/actuator chamber 25 
and the package chamber 26. The housing rib 18 at the 
boundary portion has a cutout portion 27 for head load- 
ing, and a cutout portion 28 for extending the head/coil 
FPC 1 4 and the motor FPC 1 5. Projections 1 9a and 1 9b 
provided on the disk/actuator cover 1 9 are fitted in the 
cutout portions 27, 28 to close them, respectively, the 
mating faces respectively formed between the cutout 
portions 27, 28 and the projections 19a, 19b are bent 
stepwise in the direction of the thickness of the device. 
In this embodiment, each mating face is closed by a tape 
seal 29 (shown in widely spaced cross-hatched lines for 
clarity) having a width portion selectively extended to 
cover a stepwise bent portion of the mating face, to pre- 
vent external dust from permeating the HDA, thus en- 
suring a high reliability. The details will be disclosed with 
reference to Figs. 6 and 7. It is to be noted that housing 
17 is shown in Fig. 2(c) in cross section with relatively 
narrowly spaced cross hatching. 

The circuit board 21 of the control package. 22 is 
positioned at a center of the device in the thickness di- 
rection. The integrated circuit elements 20 such as an 
IC or LSI and the electronic circuit parts are mounted on 
both surfaces of the circuit board 21. One-end of the 
head/coir FPC 14"and the motor FPC 15 are electrically 
connected to the circuit board 21 through the connector 
16. As the connector 1 6, for example, a spring type con- 
nector 81 shown in Fig. 11 is used. A positioning hole 
73-a and a fixing hole 73-c are located at-such positions 
as to put the connector 1 6 therebetween. The connector 
16 (connector 81 ) and the FPCs are clamped in the di- 
rection of the thickness of the device by the fastening 
force of a screw 73-d passing through the positioning 
hole 73-a and a screw (not shown) passing through the 
fixing hole 73-c, so that a conductor 82 of the connector 
81 is deflected to and brought in press-contact with the 
head-coil FPC 14 and the motor FPC 15. This is effec- 
tive to keep sufficient electric contact between the con- 
ductor 82 of the connector 81 and the head-coil FPC 14 
and the motor FPC 1 5 due to deflection of the conductor 
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82. 

Fig. 3 is an enlarged view ol a mounting portion of 
the sliders 4 and the magnetic disks 2 in the HDA shown 
in Fig. 1. Referring to Fig. 3, a specification in which a 
thickness of the head/disk mounting portion is set at 5 
mm or less and in which the magnetic disk device 1 has 
two magnetic disks is disclosed. 

With respect to a slider size of a nano-slider, man- 
ufacturers have agreed to a specified size (thickness: 
0.4 to 0.43 mm) recommended by IDEMA. As the slider 
4 shown in Fig. 3, the nano-slider 40 is used. A prototype 
arm integrated suspension using a suspension of Type 
1 950 produced by Hutchinson Technology Incorporated 
(USA) has a height 31 of 0.582 mm. A thickness of the 
suspension 5 is 0.064 mm; a thickness 33 of the mag- 
netic disk 2 is 0.381 mm (0.015 inch); a thickness 35 of 
the housing 17 is 0.4 mm; a thickness 34 of the disk/ 
actuator cover 1 9 is 0.4 mm; a gap 36 between the out- 
ermost suspension 5 and the housing 17 is 0.302 mm; 
a gap 37 between the outermost suspension 5 and the 
disk/actuator cover 19 is 0.302 mm; and a gap 38 be- 
tween the nano-sliders 40 including the suspensions 5 
is 0.406 mm. The total thickness 39 becomes 4.9 mm. 
This proves that a head/disk mounting portion having a 
thickness of 5 mm or tess can be realized using com- 
mercially available parts assembled according to the 
present invention. 

Fig. 4 is an enlarged view of the spindle portion 
shown in Fig. 1 and Figs. 2(a) to 2(c). Referring to Fig. 

4, the specification in which a thickness of the spindle 
portion is set to be at 5 mm or less is explained for a 
magnetic disk device 1 in which two disks are mounted. 

A thickness 33 of the magnetic disk 2 is 0.381 mm; 
a thickness 41 of the spacer 94 is 1.57 mm; a thickness 
42 of a hub flange 3a of the spindle 3 is 0.5 mm; a thick- 
ness 43 of a clamp 95 is 0.684 mm; a gap 44 between 
the hub flange 3a and the housing 17 is 0.384 mm; a 
gap 45 between the clamp 95 and the disk/actuator cov- 
er 1 9 is 0.2 mm; a thickness 35 of the housing 17 is 0.4 
mm; and a thickness 34 of the disk/actuator cover 19 is 
0.4 mm. The total thickness 48 becomes 4.9 mm. This 
proves a spindle portion having a thickness of 5 mm or 
less can be realized according to the invention. 

Fig. 5 is an enlarged view of the actuator portion 
shown in Fig. 1 and Figs. 2(a) to 2(c). Referring to Fig. 

5, the specification in which a thickness of the actuator 
portion is set at 5 mm or less is explained for a magnetic 
disk device 1 in which two magnetic disks are mounted. 

A thickness 51 of the guide arm 6 of the guide arm 
integrated suspension is 0.3 mm; a thickness 52 ol the 
coil holder 7 is 0.817 mm; a thickness 13a of the first 
space 1 3 is 0.5 mm; a thickness 1 3b of the second spac- 
er 1 3 is 0.81 7 mm; a thickness 53 of a pivot sleeve flange 
8a is 0.366 mm; a gap 54 between the end surface of 
the pivot sleeve 8 and the housing 17 is 0.166 mm; a 
gap 55 between the pivot sleeve flange 8a and the disk/ 
actuator cover 1 9 is 0.2 mm; a thickness 59 of the hous- 
ing 17 is 0.25 mm; a thickness 56 of the disk/actuator 



cover 19 is 0.2 mm; and a thickness 57 of a pivot clamp 
30 is 0.35 mm. The total thickness 58 becomes 4.9 mm. 
This proves that n actuator portion having a thickness 
of 5 mm or less can be realized according to the inven- 

* 

s tion. 

In summary, the magnetic disk device having two 
magnetic disks especially as shown in Figs. 3, 4, 5 is 
proven to satisfy a specification in which the device 
thickness (H) is set at 5 mm or less" Accordingly, in this 

10 embodiment, it is possible to realize a magnetic disk de- 
vice having a large memory capacity with a small and 
- thin structure. 

In this embodiment, especially shown in Figs. 3, 4 
and 5, since the nano-slider 40 is used as the slider 4, 

1$ a head load is about 3.5 gf. Assuming an inter peripheral 
CSS (Contact Start Stop) and a friction coefficient = 1 , 
the total head load upon start of the motor becomes 14 
gf X cm [ = 3.5 gf X 1 cm X 1 X 4 (number of heads)]. 
On the other hand, in the case of using the spindle 

20 motor_9 having dimensions being small enough to be 
contained in the inside diameter portions of two pieces 
of the 1 .8 inch magnetic disks as shown in this embod- 
iment, it has been known by examination (calculation) 
that a starting torque allocated for head loading is about 

2S 6 gf X cm even if a motor space is maximized and a 
dynamic bearing 10 having high impact resistance is 
used. As a result, it is required to additionally mount a 
load/unload mechanism (not shown) for separating the 
slider 4 from the surface of the magnetic disk 2 upon 

30 starting the rotation of the magnetic disk 2. 

Fig. 6 is an enlarged perspective view of a tape seal 
portion adhered to the cutout portion 27 for head loading 
which is formed in the housing rib 18 shown in Fig. 1 
and Figs. 2(a) to 2(c). The cutout portion 27 for head 

35 loading is required to be formed in the housing rib 18. 
On the other hand, the projection 19a to be fitted in the 
cutout portion 27 is provided on a portion of the disk/ 
actuator cover 19. A tape seal having a width portion 
selectively extended to cover a stepwise bent mating 

40 face between the cutout portion 27 and the projection 
1 9a is adhered to the mating portion, to thus provide ad- 
equate sealing. 

Fig. 7 is an enlarged perspective view of a tape seal 
portion adhered to the cutout portion 28 tor extending 

45 the FPCs which is formed in the housing rib 18 shown 
in Fig. 1 and Figs. 2(a) to 2(c). The cutout portion 28 for 
extending the head/coil FPC 14and-the motor FPC 15 
is formed in the housing rib 18. On the other hand, the 
projectbn 19b to be fitted in the cutout portion 28 is 

50 formed on a portion of the disk/actuator cover 1 9. A tape 
seal 29 having a shape to cover a stepwise bent mating 
face between the cutout portion 28 and the projection 
19b is adhered to the mating face, to thus provide ade- 
quate sealing. 

55 (n addition, the structure extending the head/coil 
FPC 14 and the motor FPC 15 through the housing rib 
18 is not limited to that shown in Fig. 7. For example, 
the following structure shown in Fig. 8 may be adopted. 
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Fig. 8 is an enlarged sectional view of a structure of 
a though-hole 61 through which the FPXs extend by- 
passing the housing rib 18. The through hole is formed 
in the base end of the housing rib 1 8 in the magnetic 
disk device 1 shown in Fig. 1 and Figs. 2(a) to 2(c). Spe- s 
cifically, through-hole 61 is formed in a lower portion of 
the housing rib 18 for extending the head/coil FPC 14 
and the motor FPC 15 from the disk/actuator chamber 
25 to the package chamber 26 therethrough. After the 
head/coil . FPC 14 and the motor FPC 15 pass the io 
through-hole 61, the through-hole 61 is buried with an 
adhesive 62, to improve a sealing performance of the 
through-hole 61 . At that time, portions of the head/coil 
FPC 14 and the motor FPC 15 exposed from the hous- 
ing to the exterior are protected by a protective seal 63. is 

The magnetic disk device 1 having a high reliability 
can be realized using each of the above-described seal- 
ing structures for the HDA (disk/actuator chamber 25). 

Figs. 9. 10, 11 are sectional views showing various 
con figurations of the connector for connecting the head/ 20 
coil FPC 14 and the motor FPC 15 to the circuit board 
21 of the control package 22. 

The configuration shown in Fig. 9 uses an elastic 
connector 71 having a structure in which conducting lay- 
ers and insulating layers are laminated to each other, or 25 
a structure in which a plurality of conducting portions are 
wrapped with an insulator. In the connector shown in 
Fig. 9, the elastic connector 71 has a plurality of con- 
ductor patterns which extend in the thickness direction 
and are exposed to both the upper and tower surfaces. 30 
The elastic connector 71 is held and deflected between 
the circuit board 21 and the head/coil FPC 14 and the 
motor FPC 15, so that a group of connecting terminals 
(not shown) exposed to the upper surfaces of the head/ 
coil FPC 14 and the motor FPC 15 on the housing 17 35 
are electrically connected through the conductor pat- 
terns to a group of connecting terminals (not shown) ex- 
posed to the lower surface of the circuit board 21 in a 
specified one-to-one relation. Such an elastic connector 
71 is commercially available by several makers. Since *o 
the circuit board 21 is positioned with respect to the 
head/coil FPC 1 4 and the motor FPC 1 5 by the position- 
ing pins 72 of the FPCs and the positioning holes 73 : a 
and 73-b formed in the circuit board 21 (see Fig. 1 ), the 
positioning of the elastic connector 71 is not required. *s 
For example, a positioning case 74 for holding the elas- 
tic connector 71 may be provided on the lower surface 
of the circuit board 21. 

Fig. 10 shows another configuration of the connec- 
tor, which uses a connector 76 provided on the circuit so 
board 21 and a connector 75 provided on the head/coil 
FPC side 14 and the motor FPC 15. Specifically, the 
male connector 76 having a pin-type conductor 77 is 
mounted on the circuit board 21, and the conductor 77 
is connected to the circuit board 21 by solder 78. In the 55 
female connector 75 provided on the head/coil-FPC 14 
and the motor FPC 15, a cylindrical conductor 79 into 
which the pin-like conductor 77 is pressed is connected 



to a conductor pattern (not shown) formed on the head/ 
coil FPC 1 4 and the motor FPC 1 5 by means of a solder 
78. The disposition of the male and female connectors 
may be reversed with respect to each other. The posi- 
tioning of the connectors 75 and 76 is performed using 
the positioning pins 72 of the FPCs and the positioning 
holes 73-a, 73-b of the circuit board 21 (see Fig. 1). 

Fig. 11 shows a further configuration of the connec- 
tor. A spring type connector 81 [for example, "Amp P2' 
(trade name) manufactured by AMP Incorporated] pro- 
vided on the circuit board 21 is positioned and pressed 
to engage the head/coil FPC 14 and the motor FPC 15 
for electric connection. Specifically, the positioning of 
the connector 81 is performed using the positioning pins ' 
72 of the FPCs and the positioning holes 73-a and 73-b 
of the circuit board 21 (see Fig. 1 ). An approximately L- 
shaped elastic conductor 82 of the connector 81 is con- 
nected at its base end to the circuit board 21 by a solder 
78, and is electrically pressed at its leading end to the 
conductor patterns (not shown) of the head/coil FPC 14 
and the motor FPC 1 5 by deflection of the conductor 82. 
The head/coil FPC 14 and the motor FPC 15 are ad- 
hered to the specified positions of the housing 17 by an 
adhesive tape or the like. The connector 16 shown in 
Fig. 1 adopts such a spring type connector 81. 

Embodiment 2 

Fig. 12 is a plan view of a configuration of another 
embodiment of the magnetic disk device of the present 
invention, with parts partially cutaway. Figs. 13(a), 13(b) 
and 13(c) are sectional views taken on lines 201-201, 
202-202, 203-203 of Fig. 12, respectively. 

The magnetic disk device in this embodiment 
shown in Fig. 1 2 and Figs. 1 3(a) to 1 3(c) is substantially 
similar in basic configuration to that shown in Fig. 1 , and 
therefore, parts corresponding to those shown in Fig. 1 
are indicated wilh the same characters and the expla- 
nation thereof is omitted. . . . 

Although Embodiment 1 shown in Fig. 1 and Figs. 
2(a) to 2(c) has the configuration for mounting two mag- 
netic disks, the embodiment shown in Fig. 1 2 and Figs. 
13(a) to 13(c) has a configuration for mounting three 
magnetic disks. In this embodiment, however, a width 
W2 of a projection (thickness H2: 3.3 mm) formed on 
each end of the housing 17 to be fined in a PC card slot 
of a mating apparatus (not shown).must be changed 
from a standard value of Type (II), 3 mm to a standard 
value of Type (III), 1.5 mm for ensuring a containing 
space for the increased number of the magnetic disks. 
The shapes of the PC card slots of information process- 
ing apparatuses commercially available at present are 
substantially common to the specifications of Type (II) 
and Type (III), and accordingly, a modified specification 
of Type (II) in which the width W2 is changed to 1 .5 mm 
as the standard value of Type (III) can be substantially 
distributed as the specification of Type (II). If Type (II) of 
HDD is popularized, the standard value of the width W2 
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in Type (II) is desirable to be unified with the existing 
value, 3 mm (width W1 in Embodiment 1 ) to the standard 
value pf Type (III). 1 .5 mm (width W2 in Embodiment 2). 

The reason why the magnetic disk device having a 
thickness of 5 mm or less can mount three magnetic 
disks 2 is that the slider is changed from a nano-slider 
to a pico-slider smaller in size than the nano-slider type 
and the thickness of a magnetic disk 2 is changed from 
0.381 mm (0.015 inch) to 0.305 mm (0.012 inch) . A re- 
search company reports that the pico-slider has almost 
come into practical: use, and a magnetic disk 2 having 
a thickness of about 0.305 mm is currently under devel- 
opment. The pico-slider and the magnetic disk 2 having 
a thickness of about 0.305 mm are expected to be pro- 
duced on a large scale after two or three years. If so, it 
is possible to realize a magnetic disk device having a 
thickness of 5 mm or less in which a pico-slider is used 
and two magnetic disks are mounted. In such a magnet- 
ic disk device having a dimensional allowance : a gap 
between parts and the thickness of housing or cover can 
be increased for enhancing a resistance against defor- 
mation during handling. Also ; if a head smaller than the 
pico-slider is realized, three magnetic disks can be eas- 
ily mounted. In addition, if the magnetic disk 2 and guide 
arm are fastened using an adhesive in combination with 
a clamp member, a clamp strength can be reinforced. 

Fig. 1 3(c), taken on line 203-203 of Fig. 12, shows 
a boundary portion between the disk/actuator chamber 
25 and the package chamber 26. The housing rib 18 at 
the boundary portion has a cutout portion 27 for head 
loading, and a cutout portion 28 for extending the head/ 
coil FPC 14 and the motor FPC 15. Projections 19a and 
1 9b provided on the disk/actuator cover 19 are fitted in 
the cutout portions 27, 28 to close them, respectively. 
The mating faces respectively formed between the cut- 
out portions 27, 28 and the projections 1 9a, 1 9b are bent 
stepwise in the direction of the thickness of the device. 
In this embodiment, each mating face isclosed by a tape 
seal 29 (shown cross hatch lines for clarity) with a width 
portion selectively extended to cover a stepwise bent 
portion of the mating face, to prevent external dust from 
permeating the HDA, thus ensuring high reliability. The 
details are described with reference to Figs. 6 and 7. It 
is noted that the housing 17 is also shown in cross sec- 
tion by cross hatching. 

The circuit board 21 of the control package 22 is 
positioned at a center of the device in the thickness di- 
rection. The integrated circuit elements 20 such as an 
IC or LSI and electronic circuit parts are mounted on 
both surfaces of the circuit board 21. One-end of the 
head/coil FPC 1 4 and the motor FPC 1 5 are electrically 
connected to the circuit board 21 through the connector 
1 6. As the connector 1 6, for example, a spring type con- 
nector 81 shown in Fig. 11 is used. A positioning hole 
73-a and a fixing hole 73-c are located at such positions 
as to put the connector 16 therebetween. The connector 
16 (connector 81) and Ihe FPCs are clamped in the di- 
rection of the thickness of the device by the fastening 



force of a screw 73-d passing through the positioning 
hole 73-a and a screw (not shown) passing through the 
fixing hole 73-c, so that a conductor 82 of the connector 
81 is deflected to and brought in pressing engagement 

5 with the head-coil FPC 14 and the motor FPC 15. This 
is effective to keep a sufficient electric connection be- 
tween the conductor 82 of the connector 81 and the 
head-coil FPC 14 and the motor FPC 1 5 due to deflec- 
tion of the conductor 82. 

10 Referring to Figs. 14, 1 5, 1 6, a specification in which 
the device thickness is set at 5 mm or less for a magnetic 
disk device having three magnetic disks will be,de^ 
scribed. 

Fig. 1 4 is an enlarged view of the head/disk mount- 

is ing portion shown in Fig. 1 2. Referring to Fig. 1 4, a thick- 
ness of a pico-slider 103 is 0.3 mm in accordance with 
IDEMA. The mass of the pico-slider 103 is about 1/3.5 
of that of the nano-slider. As a result, it becomes possi- 
ble to obtain an impact/vibration resistance and a float- 

20 jng characteristic that is basically similar to those in the 
case of using the nano-slider by reducing the mass of 
the suspension 5 to about 1/3.5 and also reducing the 
head load to about 1/3.5. Thus, a thickness .of the sus- 
pension 5 is changed from 0.064 mm in this embodiment 

2S to 0.025 mm, and a height 111 of an arm integrated type 
suspension becomes about 0.325 mm in the case of us- 
ing a pivotless supporting system. A thickness 112 of 
the disk is 0.305 mm (0.01 2 inch), a thickness 11 3 of the 
housing is 0.4 mm, a thickness 11 4 of the disk/actuator 

30 cover is 0.4 mm, a gap 115 between the head at the 
arrangement end (the suspension 5 supporting the pico- 
slider 103) and the housing is 0.2175 mm, a gap 116 
between the head at the arrangement end and the disk/ 
actuator cover 1 9 is 0. 21 75 mm, and a gap 1 1 8 between 

•35 the heads is 0.4 mm. The total thickness 117 becomes 
4.9 mm. This proves that a head/disk mounting portion 
having a thickness of 5 mm or less can be realized. 

The head load is reduced to about 1/3.5, that is, it 
is changed from 3.5 gf to 1 gf. There is a possibility of a 

40 head load of about 0.5 gf. Accordingly, the total head 
load becomes (3 to 6) gf X cm [= (0.5 to 1) gf X 6 
(heads)]. In the case of using the pico-slider 1 03, a mag- 
netic disk device eliminates the necessity of providing a 
load/unload mechanism upon startup of rotation of the 

45 magnetic disks 2. 

Fig. 15 is an enlarged view of a spindle portion 

. . shown in Fig. 12. Referring to Fig. 15,. a thickness. 112 
of the magnetic disk 2 is 0.305 mm, a thickness 1 25 of 
the spacer 94 is 1.05 mm, a thickness 121 of a hub 

50 flange 3a of the spindle 3 is 0.2925 mm, a thickness 1 22 
of a clamp 95 is 0.3425 mm, a gap 1 23 between the hub 
flange 3a and the housing 17 is 0.25 mm, a gap 124 
between the clamp 95 and the disk/actuator cover 1 9 is 
0.2 mm, a thickness 11 3 of the housing is 0.4 mm : and 

55 3 thickness 114 of the disk/actuator cover is 0.4 mm. 
The total thickness 126 becomes 4.9 mm. This proves 
that the head/disk mounting portion having a thickness 
of 5 mm or less can be realized. 
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Fig. 16 is an enlarged view of an actuator portion in 
Fig. 12. Referring to Fig. 16, a thickness 131 of the guide 
arm integrated type suspension is 0.1 5 mm, a thickness 
1 32 of the coil holder is 0.45 mm. a thickness 1 33 of the 
first spacer is 0.605 mm, a thickness 1 34 of the second s 
spacer is 0.45 mm, a thickness 135 of a pivot sleeve 
flange 8a is 0.2425 mm, a gap 137 between the end 
surface of the pivot sleeve 8 and the housing 17 is 0.15 
mm, a gap 1 36 between the pivot sleeve flange 8a and 
the disk/actuator cover 1 9 is 0.2 mm, a thickness 1 39 of io 
the housing is 0.25 mm, a thickness 1 40 of a pivot clamp 
is 0.2425 mm, and a thickness.,138 of the disk/actuator, 
cover is 0.2 mm. The. total thickness 150 becomes 4.9 
mm. This proves that an actuator portion having a thick- 
ness of 5 mm or less can be realized. is 

Thus, in this embodiment, three magnetic disks 2 
can be mounted in a housing having a device thickness 
of 5 mm or less. Accordingly; it is possible to realize a 
magnetic disk device having a large capacity with a 
small and thin structure. 20 

The sealing of the disk/actuator chamber 25 in Fig. 
12 can be performed in the same manner as described 
with reference to Figs. 6, 7 and 8, and therefore, the 
explanation thereof is omitted The mounting of the con- 
nector can also be performed in the same manner as 2S 
described with reference to Figs. 9, 10, 11, and there- 
fore, the explanation thereof is omitted. 

Embodiments 3 and 4 

30 

The magnetic disk devices of Embodiments 3 and 
4 have several components. The first three components 
for each of Ihese embodiments are the same three com- 
ponents A-C described with reference to Fig. 1 and Figs. 
2(a)-2(c). Accordingly, a description of these three com- 3$ 
ponents is omitted. Further, elements of these embodi- 
ments that are in common with those of embodiment 1 
are shown with the same reference numbers, and only 
new or modified elements are described with new refer- 
ence numbers. 40 

Fig. 1 7 is a plan view of a configuration of the third 
embodiment of the magnetic disk device of the present 
invention, with parts partially cutaway to show the inte- 
rior of the device. Fig. 18(a), 18(b) and 18(c) are sec- 
tional views taken on lines 301-301, 302-302, and «5 
303-303 of Fig. 17, respectively. 

. Referring to Fig. 17. and Figs. 18(a) -to 18(c), and 
recalling that a detailed description of the first through 
third components thereof has been deemed unneces- 
sary, a fourth component includes a housing 1 7 for sup- so 
porting the spindle system 1a and the actuator system 
1b. The fifth component is a control package 22 assem- 
bled by integrated circuit elements 20 such as an IC or 
LSI, electronic circuit parts (not shown) other than the 
integrated circuit elements 20, and a circuit board 21. 55 
The sixth component is a package chamber 26 including 
a housing 1 7 and the package cover 1 41 . The seventh 
component is a PCMCIA connector 24 fixed by the 



housing 17 and a cover 141 . 

The magn etic disk device in the embodiment shown 
in Fig. 17 and Figs. 1 8(a) to 1 8(c) has a sealing structure 
in which a disk/actuator chamber and a package cham- 
ber are sealed together. Specifically, the circuit board 
21 of the control package 22 is adhesively mounted in 
a groove 142 provided in the housing 17 (see Fig. 18 
(c)) such that a main surface ofthe circuit board 21 is at 
the same level as the mating face of the housing 17 is 
to the cover 141, and a packing 143 (shown by cross 
hatching for clarity) is held between the mating face of 
the housing 1 7, part of the circuit board 21 , and the cover 
141 , to thus ensure a good seal. This makes it possible 
to prevent external dust from permeating into the interi- 
or, and hence ensures a highly reliable magnetic disk 
device. 

Embodiment 4 

Fig. 1 9 is a plan view of a configuration of a fourth 
embodiment of the magnetic disk device of the present 
invention, partially cutaway. Figs. 20(a), 20(b) and 20(c) 
are sectional views taken on lines 401 -401 , 402-402 and 
403-403, respectively. 

In this embodiment, a disk/actuator chamber 25 is 
separated from a package chamber 26 in such a manner 
as to ensure a high sealing performance of the disk/ac- 
tuator chamber 25. This embodiment is different from 
Embodiment 1 in that a packing is used for sealing. 

Referring to Fig. 19 and Figs. 20(a) to 20(c), and 
again recalling that the description of the first through 
third component parts have been previously described 
with reference to Embodiment 1 , the magnetic disk de- 
vice 1 has a disk/actuator chamber 25 as a fourth com- 
ponent including a housing 1 7 for supporting the spindle 
system la and the actuator system 1b, a housing rib 18, 
and a disk/actuator cover 19. The fifth component is a 
control package 22 assembled by integrated circuit el- 
ements 20 such as an IC and LSI, electronic circuit parts 
(not shown) other than the integrated circuit elements 
20, and a circuit board 21 . The sixth component is a 
package chamber 26 including a housing 17 and the 
package cover 23. The seventh component includes a 
PCMCIA connector 24 held and fixed between the hous- 
ing 17 and the package cover 23. 

In this embodiment, the disk/actuator chamber 25 
is separated from the package chamber 26, and a pack- 
ing 1 51 is held between the housing rib 1 8 and the disk/ 
actuator cover 19 to enhance the sealing performance 
of the disk/actuator chamber 25 (note that the narrowly 
spaced cross hatched lines show the packing 151 and 
the wider spaced ones shown in Fig. 20(c) show a cross- 
section of the housing). 

A recessed portion 18a is formed in the housing rib 
18 facing to the control package 22 for ensuring a space 
for head loading, and a projection 19c to be fitted in the 
recessed portion 18a is formed in the disk/actuator cov- 
er 1 9. Both ends of the recessed portion 1 8a of the hous- 
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ing rib 18 are formed into smooth slant surfaces 18b. 
The packing 151 is mounted slantingly along the slant 
surfaces 18b (see Fig. 20(c)). In Fig. 20(c), only one of 
the slant surfaces 18b can be viewed from the viewing 
angle of this figure. s 

In this case, both the extension of the head/coil FPC 
1 4 and the motor FPC 1 5 and the improvement in seal- 
ing performance can be realized by holding the head/, 
coil FPC 14 and the motor FPC 15 together with the 
packing 151 between the housing rib 18 and the disk/ 10 
actuator cover 19. Thus, it is possible to prevent dust 
from permeating from the exterior, and hence to ensure ~* 
a high reliability of the magnetic disk device. 

Although the structure shown in Fig.. 1 9 contains 
two magnetic disks 2, it may also be applied to the case 
containing only one magnetic disk 2. In this case, the 
mating face between the disk/actuator cover 1 9 and the 
housing 1 7 can be flattened while a gap for head loading 
is ensured by setting the height of the housing rib 18 
such that the mating face is slightly lower than that of 
the center throughout the entire periphery of the mating 
face. 

In the configuration shown in Fig. 19 and Figs. 20 
(a) to 20(c), since the packing 151 passes through the 
head loading portion, a gap between the disk/actiiator 
cover 1 9 and the outermost magnetic disk 2 is narrower 
than that in Embodiment 1 shown in Fig. 1 by 0.05 mm; 
a gap between the magnetic disks 2 is narrower than 2. 
that in Embodiment 1 by 0.1 mm; and a gap between 
the housing 1 7 and the lowermost magnetic disk 2 is 30 
wider than that in Embodiment 1 by 0.15 mm, to thus 
ensure a mounting space of the packing 151. 3. 

As described above, in each embodiment of the 
present invention, two or three magnetic disks can be 
mounted in a magnetic disk device having a. device 35 
thickness (H) of 5 mm or less. This proves that a mag- 
netic disk device having a large capacity with a small 
and thin structure can be realized Moreover, a high 
sealing performance of the disk/actuator chamber 25 for 
containing magnetic disks 2 can be ensured. This 40 4. 
proves that a magnetic disk device having a high relia- 
bility can be realized. In particular, the magnetic disk de- 
vice of the present invention substantially satisfies the 
PCMCIA standard, arid is usable in a state in which it is 
mounted in a PC card slot provided in a portable small- 
sized information processing apparatus. 

While-preferred embodiments have been set forth : . 
with specific details, lurther embodiments, modifications 
and variations are contemplated according to the broad- 
er aspects of the present invention, all as determined by so 5. 
the spirit and scope of the invention. 



Claims 



ss 



1. A magnetic disk device, comprising: 

said magnetic disk device having an outer 



thickness of 5 mm or less, including: 
. a head/disk assembly having: a spindle for 
mounting a magnetic disk; a spindle motor for 
driving said spindle in rotation; a housing for ro- 
tatably supporting said spindle through a first 
bearing; a transducer for writing/reading infor- 
mation to/from said magnetic disk; an actuator 
including a slider for mounting said transducer, 
, a suspension for supporting said slider, a guide 
arm for supporting said suspension, a second 
. bearing for movably guiding said guide arm in 
the radial direction of said magnetic disk, a coil 
supported on the other side of said guide arm 
from said suspension with respect to said bear- 
ing, and a magnetic circuit supported by said 
housing for driving said guide arm in coopera- 
tion with said coil; and a cover for forming an 
enclosed space for containing said magnetic 
disk and said actuator, in cooperation with said 
housing; 

a control package including electronic parts for 
controlling said head/disk assembly and a cir- 
cuit board for mounting said electronic parts; 
and 

said head/disk assembly supporting at least 
two of said magnetic disks. 

A magnetic disk device according to claim 1 , further 
including only two of said magnetic disks mounted 
on said spindle. 

A magnetic disk device according to claim 1 , where- 
in said first bearing for supporting said spindle on 
said housing is a dynamic bearing; and 

said actuator is constructed so that said slider 
and said guide arm are fixed on a same surface of 
said suspension, and a coil holder for supporting 
said coil and secured to said guide arms. 

A magnetic disk device according to claim 1 , where- 
in said magnetic disk device is separated into a first 
chamber for containing said magnetic disks and 
said actuator and a second chamber for containing 
said control package, a housing rib projecting from 
said housing to surround said first chamber in which 
said magnetic disks and said actuator are disposed, 
and -first and second-covers in close-contact with 
said housing rib. 

A magnetic disk device according to claim 1 , where- 
in said magnetic disk device is mounted in a PC 
card slot and said magnetic disk device has a de- 
sign specif icatbn in accord with PCMCIA/JEIDA 
standards. 

A magnetic disk device according to claim 1 , where- 
in said guide arm are fixed together with said slider 
on a same surface of said suspension. 
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A magnetic disk device, comprising: 

/ said magnetic disk device having an outer 
thickness o1 5 mm or less, including: 
a head/disk assembly having: a spindle for 5 
mounting a magnetic disk; a spindle motor for 
driving said spindle in rotation; a housing for ro- 
tatably supporting said spindle through a first 
bearing; a transducer for writing/reading infor- 
mation to/from said magnetic disk; an actuator 10 
including a slider for mounting said transducer, 
a suspension for supporting said slider,-a guide 
arm for supporting said suspension, a second 
bearing for movably guiding said guide arm in 
the radial direction of said magnetic disk, a coil is 
supported on the side of said guide arm, and a 
magnetic circuit supported by said housing for 
driving said guide arm in cooperation with said 
coil: and a cover for forming an enclosed space 
for containing said magnetic disk and said ac- 20 
tuatoi in cooperation with said housing; 
a control package including electronic parts for 
controlling said head/disk assembly and a cir- 
cuit board for mounting said electronic parts; 
said magnetic disk device being separated into 25 
a first chamber for containing said magnetic 
disks and said actuator and a second chamber 
for containing said control package, a housing 
rib projecting from said housing to surround 
said firsl chamber in which said magnetic disks 30 
and said actuator are disposed, and first and 
second covers in close-contact with said hous- 
ing rib: 

said magnetic disk further having at least one 
of a first sealing structure, a second sealing 35 
structure, and a third sealing structure; 
said first sealing structure for sealing a first cut- 
out portion for head loading provided in said 
housing rib; said first cutout portion being 
closed with a first projection formed on a portion 40 
of said first cover; and said first chamber being 
sealed using a tape seal having a width portion 
selectively extended in accordance with a 
shape of said first cutout. portion; 
said second sealing structure for sealing a sec- *s 
ond cutout portion through which extends a 
flexible printed circuit board used for transmis- 
sion/reception of at least one of a power signal 
or an electric signal between said head/disk as- 
sembly and said control package; said second so 
cutout portion being closed with a second pro- 
jection formed on a portion of said first cover; 
and said first chamber being scaled using a 
tape seal having a width portion selectively ex- 
tended in accordance with a shape of said sec- 55 
ond cutout portion; and 
said third sealing structure for sealing a 
through-hole passing underneath of said hous- 



ing rib through which extends a flexible printed 
circuit board used for transmission/reception of 
at least one of a power signal or an electric sig- 
nal between said head/disk assembly, and said 
control package and said first chamber being 
sealed by closing said through-hole with an ad- 
hesive. 

8. A magnetic disk device according to claim 7, further 
including only two of said magnetic disks mounted 
on said spindle. 

9. A magneiic disk device according to claim 7, where- 
in said rhagnetic disk device is mounted in* a PC 
card slot and said magnetic disk device has a de- 
sign specification in accord with PCMCIA/JEIDA 
standards. 

10. A magnetic disk device according to claim 7, further 
including a connector for connecting said flexible 
printed circuit board to said circuit board for mount- 
ing said electronic parts. 

11. A magnetic disk device according to claim. 10, 
wherein said connector is an elastic connector. 

12. A magnetic disk device according to claim 10, 
wherein said connector includes a socket and a pin, 
each respectively mounted on one of said flexible 
printed circuit board and said circuit board. 

13. A magnetic djsk device according to claim 10, 
wherein said connector includes a spring biased 
connector structure mounted on one of said flexible 
printed circuit board and said circuit board and re- 
siliently engaging the other of said flexible printed 
circuit board and said circuit board. 

14. A magnetic disk device, comprising: 

said magnetic disk device having an outer 
thickness of 5 mm or less, including: 
a head/disk assembly having: a spindle for 
mounting a magnetic disk; a spindle motor for 
driving said spindle in rotation; a housing for ro- 
tatably supporting said spindle through a first 
bearing; a transducer. Jor. writing/reading, infor- 
mation to/from said magnetic disk; an actuator 
including a slider for mounting said transducer, 
a suspension for supporting said slider, a guide 
arm for supporting said suspension, a second 
bearing for movabfy guiding said guide arm in 
the radial direction of said magnetic disk, a coil 
supported on the side of said guide arm, and a 
magnetic circuit supported by said housing for 
driving said guide arm in cooperation with said 
coil; and a cover for forming an enclosed space 
for containing said magnetic disk and said ac- 
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tuator In cooperation with said housing; 
a control package including electronic parts for 
' controlling said head/disk assembly and a cir- 
cuit board for mounting said electronic parts; 
wherein a groove having a depth approximately s 
equal to a thickness of said circuit board ex- 
tends along a portion of a mating face between 
said housing and said cover; said circuit board 
is adhered by an adhesive in said groove such 
that a main surface of said circuit board is at a 10 
same level as that of said mating face of said 
housing; and a packing is held, between said., 
mating face including said main surface of said 
circuit board and said cover so that said mag- 
netic disk and said actuator are sealed together 
with said control package in a common cham- 
ber. 

15. A magnetic disk device according to claim 14, 
wherein said magnetic disk device is mounted in a 20 
PC card slot and said magnetic disk device has a 
design specification in accord with PCMCIA/JEIDA 
standards. 

16. A magnetic disk device according to claim 14, fur- 2s 
ther including only two of said magnetic disks 
mounted on said spindle. 
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